Introduction
The quest for an ideal drug to prevent angina pectoris continues. The long acting nitrates, betablockers and other agents have been tried with conflicting results. Propranolol and its related drugs have become widely accepted despite their limitations.
Verapamil, a papaverine derivative, was introduced in 1962. A number of controlled and uncontrolled clinical trials have shown that the drug ameliorates anginal symptoms in selected groups. Some observers have questioned the validity of the results on the basis of the methods used. Studies by Sandler, Clayton and Thomicroft (1968) and Livesley et al. (1973) It is difficult accurately to evaluate the efficacy of an antianginal drug because the most important symptom, pain, is difficult to measure and liable to spontaneous remission. Difficulty in controlling the patient's activity and the element of observer error materially add to these difficulties.
The wide variety of experimental designs such as single-blind, double-blind, double-blind doublecrossover, and double-blind dose-adjusted doublecrossover types have led to confusion, and doubts have been raised concerning the validity of some of the protocols. Aronow (1973) pointed out that none of the miscellaneous antianginal agents, such as prenylamine, verapamil and perhexilene maleate. is useful even though the original workers have claimed excellent results with these drugs.
In this report the tolerance and electrocardiographic response to exercise in various groups of patients has been assessed. A quantified protocol and an on-line digital computerized ECG monitoring system ofknown reliability and reproducibility were used (Balasubramanian, Khanna and Hoon, 1975 Table 1 was used in all subjects (Balasubramanian et al., 1975) . The following precautions were observed: (a) The same set of electrodes with the same electrolyte jelly were used throughout the study with exploring electrode located at V5 position and reference electrode at the manubrium sterni; (b) all studies were conducted in a laboratory (maintained at 28 ± 20C) in the post-absorptive state within 2-3 hr of administration of the last dose in case of verapamil, and 1-2 hr after propranolol; (c) the same timing device accurate to ± 5 sec was used during the entire study; (d) the subjects weife not allowed to support the weight on the hand rail but could use it for balancing; (e) the speed and gradient of the treadmill were constant; (f) the ECG was fed into an Avionics 2900 stress test monitor with a digital heart rate display, ectopic warning, on-line digital computer module, two-channel oscilloscope and built.in ECG recorder. The heart rate averaged for the last fifteen beats was read from the digital display. The ST segment computer estimated the ST segment depression at 0-065 sec after the termination of the R wave in relation to the PR segment in multiples of 0.1 mm. 
Results
In two of the twenty-five subjects, the propranolol study could not be done owing to certain contraindications to beta-blockade. Two-, four-and eightweek studies with verapamil were done in all subjects.
Heart rate response
The heart rate response is shown in Table 2 . The resting heart rate was reduced significantly (P = < 0 001) with propranolol. 'The reduction with verapamil was less than that produced by propranolol (P = <0-01). Verapamil did not produce a significant reduction compared with propranolol.
Blood pressure
No changes in supine/standing systolic blood pressure were observed with either verapamil or propranolol. The exercise response was, however, reduced with both the drugs (P = <0-01).
Anginal threshold
The,anginal threshold in minutes is given in Table  3 . Thirteen patients developed pain during the initial evaluation but eight completed the tests without pain with verapamil therapy. The anginal threshold in the other five subjects was also significantly increased.
ST responses
The changes in ST segment depression and the ST index and VPB are given in Hoffman (1964) was the first to report the efficacy of verapamil on the basis of a planned clinical trial. Neumann and Luisada (1966) , using a double blind protocol in thirty subjects, concluded that there was a significant decrease in the requirements of nitroglycerine tablets in anginal patients on verapamil. The controversy about the efficacy of the drug began with a review article (Herxheimer, 1967) which stated that 'it has not been established that verapamil is worth considering as an alternative to propranolol; there is some doubt about its efficacy and safety'. Hanley and Lebowitz (1967) , however, felt that the response to the drug was good to excellent in 70Y. of cases and similar reports were published by Misra and Sircar (1967) . In another review it was stated that verapamil had been shown in controlled trials to benefit some patients with angina (Today's Drugs, 1968). Subsequently, Phear (1968) condemned the drug on the basis of a doubleblind trial in twenty patients. His views were refuted by Sandler (1968 Sandler ( , 1970 Sandler et al., 1968) who published the results of an objective study using 360 mg of verapamil daily. He found that the effect of the drug was comparable to propranolol in a dose of 300 mg daily. Hoon (1970) and Banerjee, Mukherjee and Mukherjee (1968) also found the drug to be an effective antianginal agent. In a recent double-blind objective study Livesley et al. (1973) confirmed the earlier views by Sandler (1968) . Aronow (1973) focused attention on the limitations of trial protocols and the conflicting reports about verapamil. Krikler (1974) considered that further trials taking into account the weakness in the design of the previous studies were desirable.
Since many workers have demonstrated the efficacy of verapamil as an antianginal agent and the antagonists based their criticism mainly on the trial plans, it was decided to re-evaluate this drug using objective parameters. It had been reported that quantitated treadmill exercises gave reproducible results (Sheffield, 1972; Hartman, Nordstrom and Gobel, 1974) . In a preliminary study on anginal patients the authors found that the anginal time, heart rate and ST segment response could accurately be reproduced. The evaluation of pain and the need for nitroglycerine tablets have been reported to yield unreliable results owing to the fluctuation in the patient's activity, environment and metabolic needs (Gettes, 1974) . It has been reported that the majority of patients with angina pectoris and positive stress tests have episodes of 'painless' ST depression (Wolf, Tzivoni and Stern, 1974) . The pain threshold and the influence of physical and psychic factors are individual characteristics and may affect chest pain. Gettes (1974) suggested the use of parameters of myocardial ischaemia which are more objective than chest pain. He thought that exercise stress testing is the simplest method available to evaluate myocardial ischaemia. These considerations lent further support to the trial plan used.
In this study a placebo protocol was not used. The subject acted as his own control and observer-bias was minimized by comparable tests (Hartman, Nordstrom and Gobel, 1974) . Objective data for a variable protocol (1 mm, 2 mm time, ST index, and anginal threshold) were used to correlate exercise with the ischaemic response. The post-exercise electrocardiograms, although recorded, were not included, as a reliable method of correlating these changes with variable exercise has not yet been evolved.
Propranolol was used in a relatively small dose of 120 mg daily even though workers from western countries have used greater doses. The intention was to study the physiological response of the patients to stress under beta-blockade and not to compare the efficacy of propranolol to verapamil as an antianginal agent. The efficacy ofpropranolol in a greater dose and its comparison with verapamil has already been extensively reported (Sandler, 1968; Livesley et a!., 1973) .
Verapamil did not affect the resting heart rate, but significantly decreased the exercise heart rate. In most of the subjects the ST response markedly improved in spite of the exercise load being increased. The subjects invariably showed an increase in anginal threshold, the peak effect being observed at 4 weeks. The exercise ventricular ectopic count was also significantly reduced. The incidence of complications was minimal and did not necessitate withdrawal of the drug or reduction in its dosage. In two cases who could not be given propranolol owing to coexistent bronchospasm, verapamil did not aggravate the symptoms. No instance of congestive cardiac failure was encountered in this group.
Conclusions
Verapamil in a dose of 120 mg t.d.s. is an effective antianginal agent as demonstrated objectively in subjects with ischaemic heart disease. It increases anginal threshold in the severe cases, eliminates pain in the moderate cases and improves the ischaemic response in all cases, and causes no significant side effects.
